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1 Introdu ctio n
Atm ospheric a moヨ01s have large in且uence on the
e arth- atm osphere sy軸e m, and their 血 ara cteristics
a re on e of im portant para 皿 eterSfor the glob alcli-
m ate systern ･ IIo w ever, o w knowledge of a ero s ol
chara cteristics(e.g･ , opticalthickness,
.
size distri btl-
tion etc･) andtheir 5pati alandte mporalvariation i写
stillnot e n otlgh･ T her e a.re m a ny litera.tll reS abollt
sttldies ofglobala ero s olpropertiesu 丸ngSpac e-bo rn e
sens o r[6, 5, 2]. But thes e m ethods reqtlire a BStl m ed
a er os olpar am eters(s u ch as siz edistri bu七ion fun ction,
S c attering phas efund:ion .)
In this sttldies w e carriedollt the sim ulta n e otlS Ob_
s er vatio nby a n airbor n e sens o r(A MSS)and ground-
based in stru m e nt(s-ユn photo m eter). Using these
data, w etryto estim ate a ero solopticalthickness over
Tokyo ba,y.
2 0 bs er v atio n
2.1 A M S S
Airbor n e m ulti-spectral8 C an n er(A MSS)is the s en -
s or sim tla 血 g a spa c e-bor ne s e n s or, Glob al Im a.ger
(GLI), propos ed to the
_
A D EOS-ⅠI s atellite･ A M S S
has46chan n elsfr o mO14to1 2F皿 I Table 1 sho wsthe
A MSSobs er v atio n cha n n ela ndre5 0lutio n･ T he m eaT
stlr erne nt.ら Ofthe AMSSozl-bo ard in an aircr aft w ere
c arried o ut o v erthe Tokyo bay ar ea, inclnd ing o v er
Chiba Univ ersitydu ring13;07- 13:21(JST)o nDec3,
19961 Flight altitudeis 1950fe et(6 kn). Figu re1 is
A MSS observatio n s che m e.
Table 1. A MS Sr esollltio n at1 9500fe et
雀 牌 -15×7 2.5×1.2
38- 42 1- 3,7 30×30 5×5
43- 46 7.5- 10 15×1 5 2.5×2.5
2.2 S11n pho七o m ete r
Sim ulta n eo us obs ervatio n usl ng a Su n photo m eter
is per6or med at C E ReS, C hiba University･ T his
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Figu re 1. AM SSobser va.tion s che m e
らn n photo m eter m e as u red spe ctralopticalthlCkness
with 8 hterfere n cefilter(0･368, 0･420,q･500, 0･532,
0･675, 0･778, 0･88 0, 11033FLm)and the silicon photo-
diode･sens or ･ To r etrieve a e r o s ol opticalthickne9S,
w e s tlbtr a ct Rayleighsca.ttering a nd oz o n e absorp-
tio n w er c orre cted･ Figll re 2 is a er os ol optical
thickness m e a s ured by the s unphoto mete r installed
at CE ReS
,
C hiba t]niv ersity(35.6 20N, 140.120E).
Aero s ol optic althicknessdu ring A M S obser v atioJl
(1 3:0 7- 13:21(JS T))is about0.15 at0.5/皿 L
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Figure 2･ Aer os ol opticalthickness at C hiba on De-
c e mber3
,
1996
3 An alysis
■of A M S Sdata
To retriev e aer os olopticd thickness ov erTbkyo ba,y
如 m theair cr a允 data,s om eae r o s olbasicpar a m eters,
stlCh a B Single
-8 C attering al bedo, a sym m etry factor,
w ere a s s um ed u sing the grand-based･data ofthe s u n
photo m eter ･ T he 丘o w of da･ta a nalysis is show 皿in
Fi印re3･
A MS S 血ta 皿 alysis8o w chart
Opdcal h icbes(st nphoto m eter) M SSrAdi8n Ce 血t
Set m odel par m 魯t e r S
(min) =0 . 0 1′ r(m ax) - 1(】 .
E 占tin a tio n of aE∋r O S OI
siz e d i5tri bllt ion
LaJT止)e rt ia n
su rfa c e m odel
凹ie c alc ulat io rl
s c att ering ph a s efu zICtio
BiTlgle s c a t tering al bedo
a 8 V n m etric fac to r
I)p甘a rd f lu x/r ad ia n ce
t 甘0 5 t r ean ZTte bod
Lo ok1ユp tab le
且ezI O B O1 8Pat ial
d is t ri blユt io n
Figu r e3･ Aero sol data analysis flow ch甜t
3.1 Aero s olsize dist ri btltio n
The relatio n of a ero s olopticalthickness and aer osol
sizedist ributio nc aJlbe w ritten a B[3]
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Fig甘re 4. Aero solsizedistribtltio n at C hiba o nDe-
ce mber 3, 1996
3･2 Ae ro solpha se fu n ctio n
Aero s olphas efun ctio n w er ecalc ulated fro m M ietlle1
o ry u s nga ero s olsiz edistributio n estim ated byin ve r-
sio71 0fa eros olspe ctralopticalthickness[1】. In this
calcl血tio nthe c o mplex re鮎 ctiveinde x ofa eros olis
asslln edtobe l･5-0･01i, Fignre5sho w sthe s c atte r-
ing pha5 efun ctio n sfor seve ralw avelengths. Thes e
are n ot s o Seriou sdiaerenc ebetw e e n e a ch w a v e1
1engths forthe Sharpfor w ard s ca･七tering･
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Figur e5･ Sc attering phase fun ctio n s at C hiba o n
Dec e mber3
,
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where r is particle r adiu s, m i白 the refra ctive index
ofthe aero sol particles, 入 is w avele ngth ofincide nt
illumin ation
, a ndQext(r,A, m)is the extinctio n e銃-
ciency factor fro m Mie the ory. n c(r)is the c olu m-
n a r aer o s olsizedistriblltion . In pre s ent studies w e
ass u m em - 1･5 - 0･01i, and pa rticle size r ange is
O101≦ r ≦1 0.Op m . Byinve rting equ atioll(1)the n
we c alle Stilnate a B rO B OIsiz edistributio n(Figu re4).
T he azim uthal lyindepe ndent radia,Livetr an sfer eq11a-
tio nfor difhs e r adiatio n c anbe w ritte n as[4】
p
些㌘ - I(T,”, -普/_
l
l
I(TIP
,
,P(p･ p
,
,dp
･
一芸TFoP( … )e ‾ '/po ･ (2)
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Ⅱere” - c o se, Flo ≡ C O SOo, 0 and eo ar ethe AMSS
ands olar 2.e ni七h a,Tlgles･ ゐois 血 gle s c atte ringal bedoI
I(丁,”)is radian ce at opticalthickness T and its di-
re ctio nlL.
h oll rStudies w e assu m ed that single sc attering
du eto thethin atm osphere,thenthe tLpW ard radian c e
at opticalthi 血essT is writte nby
I(TI ”) - I(,3,”)e‾`
To
-
T'/” ･慧qFoP(”,pD)
･ 荒 e' p[1 - e
- '1/p' 1/”''TO - T']. (3)
In eqtLatio n(3), w e calculated the llpW ard r adian c e
I(71D,”)by tw o-stre a 皿 aP pr Oコくirmatio n[4] with as -
s umption of La mbertian $11 rfac e. Figure 6r epre s ents
relation of opticalthickness a nd upw a rd radian c ein
e ach s urfaLC ere且ect.anc e. h Figu r e6,it i8 Cle arthat
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Figu re6･ Upw ard r adiadn C e at the top ofthe atm o-
sphere
upw ard r adia n c eis strongly depende nt o n s u rfac e re-
fle ctan c eA a sthick as opticalthicknessT . T he v aria -
tio n ofupw ard radianc e c or re spo ndingto the optical
thickness.
is qllite sm all, a B Sho w nin Figu re6. It
E;ho uld be noted to take car e ofthis r elatio n o nre-
trieving a ero sol pticalthicknessfro m AM SS data,
T hatis
,
● Ov erthe la nd stlrfa c e
,
the s urfac e re且e ctan c e
varies very wi de raJLge the n w e m u st kno w the
surfa cere且ectan c einadvanc e.
･ Over the se asIPfac e, itis easierto get the pr e-
cis e slユrfa ce re丑e ctanc e, blltitis solo wthat the
se n so r sensitivity shoul d be requir ed to be high.
h otl rStudy w etry to retriev e aJe r O S Olopticalthick-
nes s over s e a s urfa.c e(Tokyo ba.y) acc ording to the
且ow in Figu r e3. Using the lo okup tables, W eevalu -
ate A M S
'
s upw ard radiance data, with the su rfac e
reflecta n c eR, 0.06.
4 Re s ults
We retrieved aeros ol opticalthickness ov erTokyo
ba･y･ T he retrie v ed a eros ol ptical th ickne8Sis sho w n
in Figur e7. The top of this figure is Yoko81ka
(so uth bollnd), andthebotto m r egio nisChiba(n orth
bo und). T he 血 rk r egio n(optical thicknessis 0)
is land S urfa c e, where a ero s ol opticalthicknessc an
n otret.riev ed be callS e Of highs u rface reflecta n ce. h
this 丘訂1re the v訂iatio n of aero s olopticalthickness
ove rTokyo bayis betw ee nO12 to O･8･ Aer os ol pti-
cal thickness丘o m s unphoto m eteris aro llnd 0.15at
O･Spm ･ T he opticalthic kne8日r etrie v ed fr om A M SS
is higher tha皿 Su n photo m eter
'
s v akLe･ T he pr oble m s
are below .
● Su ぬ cere且e cta n c e
T he llPW ard radian c edepends o nboth optical
七hicknes and stlrfa c ere且ectan c e. Tile e蝕 ct of
the variatio n of s u rfac e r en ctanc eto the up-
w a rd ra,dia n c eis m u ch largerth an that of op-
ticalthickness. So eve nifthe s u rfa ce re且 ctan ce
m a.y be kno w n, the retrieved optical th ickness
o verlowe r r e且 ctan c e sllrfa ce c o nditio n m ayhave
large err or･
● Sen sitivity of A MSS
The upw a rd r adia nc e overthe s ea s u rfa ceis very
low the n A M SSs en s or s en 由tivity unde r stlCh
a lo Ⅶ radia n ce m ay be n ot en ollgh to retrieve
a er o B Olopticalthicknessin this observ atio n･
5 Co n clu sion s
Using airbo r n e andgr and-basem e a Bu re m e ntS da･ta,
w etried to retrieve a n a er o s oloptical th ickne8S Ove r
Tokyo bay. T he pr eli min ary res ults w erenots ogo od
a cc ordan c ewi th the gr o u nd-bas ed obser vations･
■For
m or e ac cllr ate et rieval
,
W e C O ntin u ethe fo uowing
a n aly由 .
● tIBingtw o altitlユde data
h t,his Obser vatio n w eperform ed m ea.s u r e me nt
at tw oaltitllde. W e can redu c ethe in且ue n ce of
s11rface.refle ct弧 C ewiththo sedata.
･ Using m ulti-spectral data
B11t AM S has46cha n n els, c an be u sed to re-
triev e a ero s olopticalthicknegsm ore a.c cu rately･
･ UBing a er os olv erticalpr o丘1e(LIDAR)data
Aero s olverticalpr o丘1eis v ery us efulfor retrieval･
We shouldlユS ethos edat.a .
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Figu re7. Retrie v ed opticalthicknesso ve rTokyo
bay(leftside), rightsideis A MSSradianc eim age as
sa m epla ce aslefto n e) where 入- 0･5228JL ma)o - 0･92 13
9 = 0.6874 R= 0.06
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